Abstract Various scientific and technological based solutions such as virtual water trading, desalination, groundwater extraction and wastewater reuse have been proposed and implemented in many parts of Asia and Africa to relieve water scarcity. This paper applies SWOT (strengths, weaknesses, opportunities and threats) analysis to examine the suitability of these alternative water solutions to alleviate water scarcity. SWOT analysis proves to be a useful decision making tool as it provides a qualitative approach to simplify multilayer and interdisciplinary problems. The main input for the SWOT analysis consists of knowledge gathered from seven experts in the field of water and environmental sciences. The results show that compared to other solutions, wastewater reuse offers the most desirable qualities as a viable water solution for sustainable water management in Asia and Africa.
applied to evaluate each water solution. This method is selected because it has the capacity to incorporate not only the present conditions (through strengths and weaknesses) but also the future conditions (through opportunities and threats) which is very important for Asia and Africa countries that are undergoing rapid changes especially in terms of population and economic development.
The present research adopts an expert interview approach to gather information. Knowledge and information collected through interviews with relevant experts will be used as the main input for the SWOT analysis. Expert interviews have been a popular method of gathering information in various fields of political and social sciences as it can provide insight and valuable knowledge in the relevant field and it is also considered as an efficient and concentrated method of gathering data especially in exploratory phase (Bogner et al. 2009 ).
Selecting the relevant experts is essential to gather usable information and successfully construct framework for analysing different water solutions. The experts interviewed for this research compose of people that work closely in the area of water and environmental sciences and who also have experiences in Asia and Africa regions. The list of their qualifications is provided in Table 1 .
The interview was conducted through e-mail correspondences. The responses were collected from the respondents using a mixture of open-ended and scaled questions (Table 2 ). In order to provide a quantitative assessment, the respondents were also asked to rank their preferred water solution for arid region in Asia and Africa using the scale of 1 to 5 (1 being most unsuitable, 5 being most suitable). This respondent is a founder and president of a consulting firm in the field of sustainable water and wastewater management and system planning based in the Pacific region and also actively involves in initiatives for the advancement of green infrastructure and sustainable water systems in Hawai'i and developing countries.
Industry 7
This respondent is an environmental consultant on conservation, sustainable development, and environmental education in the Asia Pacific region.
Consultant
Remarks: In order to provide the background information of the respondents as well as maintain their anonymity, the respondent's numbers and qualifications are randomised (the respondent's numbers and qualifications are not match)
Results and Discussion

Virtual Water Trading
In terms of its positive qualities (strengths and opportunities), the respondents emphasise on different aspects of virtual water trading. Respondent 1 agrees that virtual water trading is vital to world security since it allows water scarce countries to compensate for its scarcity and save water by importing water intensive foods from other countries with surplus of water. Chapagain and Hoekstra (2005) have shown that virtual water trading contributes in increasing global water use efficiency for agricultural production by 6 %. Respondent 2 adds that virtual water trading is a politically acceptable way of not having to deal with the reality of endemic water scarcity. While Respondent 1 and 2 emphasised on its political and water saving benefit, Respondents 4, 5 and 6 emphasised on its water footprint capacity. Respondent 5 explains that virtual water trading should be considered when water resources are assessed since the vast quantities of water that are used in the processes are often overlooked by consumers, businesses and policy makers. A number of studies have estimated water footprint at regional and global scales (Ge et al. 2011; which respondents 4 and 6 agree that it can be useful to assess how consumption and production relate to water use and related impacts on freshwater system and thus it can be used as an identifier of what practices are "water appropriate" in any given location. In order for virtual water trading to work effectively, systems must be set in place to make sure that a country does not face significant problems while dealing with other countries. As Respondent 2 mentioned, the main weakness of virtual water trading is that it requires hard currency to trade commodities and thus it can only be practiced if the economy of a country is diversified enough.
In addition, according to Respondent 1, the main threats are related with climate change which will change the distribution of water in unknown ways and both population and economic growth which will increase the demands for all natural resources. When employing virtual water trading, the future effects of climate change, economic and population growth must be accounted for to determine whether the economic, political, and environmental benefits can outweigh the problems in these three aspects. Respondent 5 and 7 agreed that for the exporting countries, the economic incentive from exporting commodities may cause water resource depletion. Further, trade liberalisation leads to economic benefits with negative implications on the environment including land use change, deforestation and increased carbon emissions, which mainly occurs to many countries in Latin America (Schmitz et al. 2012) . Thus, it is also important to include the value of water in payment for ecosystem service to prevent the economic incentive from outweighing the need for sustainable water usage.
Overall, most of the respondents gave almost balanced responses regarding virtual water trading (Table 3 ). In term of sustainability, global water saving and water footprint capacity are the main attractions of virtual water trading. Nevertheless, the concerns on rapid population growth that can lead to depletion of a country's natural resources and soil and water imbalance are major threats of virtual water trading. Virtual water trading may provide a viable solution in alleviating water scarcity in very dry countries, however, in longer term; this solution may not be favourable for both importing and exporting countries. By intensifying virtual water trading, the importing countries will be highly dependent to other countries to fulfil their needs of water and food. These countries will be at risk when the exporting countries are no longer able to export their excess of water. Complete understanding of its virtual water resources or water footprint will be pertinent to reduce the risks of virtual water trading of a country. However, to estimate the embedded water of a product is not a simple task as it may differ significantly according to production process, location and time. Several approaches and models have been proposed by different researchers and institutions including Chapagain and Hoekstra (2003) , Zimmer and Renault (2003) , CropWat (FAO 1998), Global Water Model (Siebert and Döll 2010) . In, addition, the Water Footprint Network also published guidelines to calculate water footprint at different levels according to green, blue and grey water (Hoekstra et al. 2009 ).
RO Desalination
The fact that desalination is mainly using the vast amount resource of sea water is considered as the main strength of this technology. For the Middle East countries, desalination is an attractive option due to the limited conventional freshwater resources, vicinity to the sea, and low cost of fossil fuel (Greenlee et al. 2009 ). As respondent 4 points out, the main strength of RO desalination is that it is a proven technology and delivers safe potable water. Respondent 1 and 7 agrees that RO desalination is a good alternative for rich countries with limited water supplies such as the Middle East countries.
However, most of the respondents show strong reservations toward RO desalination as a viable water solution for sustainable water management which are mostly related with the high cost, energy consumption and environmental concerns related to emission and brine disposal. Respondent 1 claims that although costs for RO have been lowered significantly and are expected to lower with time, it is still a very expensive option, especially for agricultural use, the greatest consumer of water. RO desalination is highly effective in removing 99 % of contaminants, but agricultural and industrial water use, the biggest water use consumers in Asian and African countries do not require such high quality water. Additionally, RO desalination for drinking water use is of limited value. Despite the high quality of water produced from desalination, there is still some health concerns related with desalinated water which are mostly related to the content of Boron and low mineral concentration (WHO 2011b) According to respondent 2, RO desalination has two problems that are persistent and enduring: the disposal of brine and the cost of the energy needed in the processes. It is water resources due to the unbalanced economic incentives 5. Water and soil imbalance as one nation intensifies its agricultural production and another lessens its agricultural production important that the desalination plant be located close to the ocean to minimize the risk of brine disposal since the disposal of brine is highly cost intensive. If the desalination plant is far from the ocean, or if treated water has to be piped over a compelling distance, the costs become too high for the technology to be viable. Respondent 3 also shared his concerns on RO desalination, which are the costs of construction, operation and maintenance. Pre and post-treatment requirements are also issues that need to be considered when planning for an RO treatment facility. Further, respondents 4, 5 and 6 agree that desalination should be the last resort as a water source, and that other more sustainable sources of water should be prioritized. Respondent 4 and 7 also added that sustainable energy sources for RO desalination are important as the processes require vast quantities of energy.
The summary of SWOT analysis is provided in Table 4 . The overall responses from the respondents are dominated by concerns for developing RO desalination, showing very low confidence in RO desalination as a suitable water solution for Asia and Africa. Today, cost, energy consumption and environmental issues are clearly the limiting factors for development of desalination, however, the advancement in researches and technologies such as membrane technology and renewable energy may provide important opportunities in overcoming these issues in the future. Research on integrating membrane process with crystallisation has been proposed to achieve zero liquid discharge and thus minimizing the environmental impact of desalination (Nair and Kumar 2012) .
Groundwater Extraction
In terms of strengths, most of the respondents agreed that groundwater is a vital water resource for many locations in Asia and Africa since it presents almost everywhere and requires relatively low energy and cost for extraction. Respondent 1 points out that groundwater offers relatively high quality water and no water loss through evaporation. Respondent 4 also adds that groundwater extraction can be useful for environmental management aspect such as in terms of flood control. However, in term of sustainable water management, the respondents outlined many factors that must be addressed when developing groundwater resources. Respondents 5, 6 and 7 agree that the risk of withdrawing water that is not replenished when there are many wells in one watershed may affect overall supply of resource and other stakeholders including ecological system. Therefore, the overall sustainable yield must be determined beforehand through hydrological studies.
The respondents also agreed that overdraft and depletion of groundwater aquifers have become major issues the cost of extraction rises rapidly as the water table falls. In many locations in Asia and Africa, groundwater depletion is evident. The Hai River Plain in China is claimed as the world's most depleted aquifer with up to 100 m drawdown in several places and reports of subsidence of several meters (Werner et al. 2013 ). According to Respondent 1, over extraction leads to sea water entering near the coast, and the lowering of ground surface levels which can be catastrophic to a region. Over-extraction of groundwater can be mitigated by groundwater recharge, where rainwater is used to refill perched aquifers.
Besides aquifer depletions, another major threat of groundwater is contamination. Respondent 3 mentioned that although groundwater extraction offers reduced exposure to pathogenic microbes compared to surface water sources, the long term concern with groundwater sources is the ability to maintain and monitor the water quality of the source. This echoes the views of respondents 1 and 2, who mentioned that contamination from surface facilities often occur, and this renders groundwater unusable and incurs high costs for clean-ups. Respondents 3 and 5 also added that inorganic chemicals, especially arsenic, are of concern with groundwater sources and should be prevented from contaminating the water source. Besides arsenic, pathogens and pesticides are other major contaminants that are of concern of groundwater (WHO 2006) . WHO (2011a) provides guidelines and quality standards for various potential contaminants of groundwater. The complete SWOT analysis for groundwater extraction is shown in Table 5 .
In comparison to other solutions such as virtual water trading and RO desalination that require large initial investment and infrastructure, groundwater offers water solution that can be used on small scale or household level and thus it is an important water resource for countries or area with relatively low income. The cheap cost and simple mechanism of groundwater extraction have made groundwater a potential alternative to provide drinking water and overcome poverty in many developing countries (Llamas and Martínez-Santos 2005; Polak 2005 ). Groundwater has contributed significantly to agricultural and economic growth in rural communities in Asia and Africa as often referred as silent revolution (Llamas and Martínez-Santos 2005) .
However, the factors that make groundwater to be easily accessible and a practical water solution also make groundwater very vulnerable to overexploitation and contamination. Hence, controlling and monitoring groundwater extraction is extremely important in maintaining its quantity and quality. Today, groundwater extraction is still poorly regulated, even in water scarce areas (Konikow and Kendy 2005) . National and/or local governments often find it difficult to regulate groundwater abstraction for various reasons, including limited water resources available, increasing demand and failure to resolve competition among different beneficial uses (Kataoka and Kuyama 2008) . Therefore, the focus of groundwater development should be directed towards better regulation and management.
Wastewater Reuse
The use of partially treated or untreated wastewater for irrigation has been a common practice in many water scare countries in Asia and Africa (Mekala et al. 2008) . Respondent 1 agrees that the use of wastewater for irrigation would have many advantages and the treatment for irrigation is much more cost effective than that for industrial or domestic reuse, and is a great way to recover not only water, but crop nutrients and energy from wastewaters.
In Respondent 6′s opinion, wastewater is the most underused available water resource while there are numerous technologies that can produce treated water for almost any application. Respondent 4 adds that treatment wastewater to potable use is expensive; however different qualities of wastewater could be used in a fit-for-purpose manner and thus can help alleviating the pressure on freshwater resources. Rapid population growth in Asia and Africa will lead to increase number of wastewater generated and discharged into the water streams. Reusing and reclaiming wastewater act as an efficient mechanism in conserving and extending available water supplies, moreover, they also reduce direct discharge into the water streams and thus serve as an important measure of pollution control (Nazari et al. 2012 ). Respondent 5 agreed that wastewater reuse and reclamation (including grey water use) provides a great opportunity for water conservation, and water should be used directly when the quality does not need to be improved for usage. He also points out that natural mechanisms should be first utilized if treatment is required, and that natural and constructed wetlands are small-scale treatment options. When demand exceeds the opportunity and natural methods cannot be utilized, hi-tech solutions can be used for as far as the energy usage does not overweight the environmental benefit of using the grey water. Respondent 3 agreed that the recycling and reuse of wastewater for non-potable uses should be done on a more regular basis, however, separate non-potable and potable water storage and distribution systems will be required for this recycling effort. Wastewater reuse will require a system that can collect wastewater from users to be treated prior to various uses. This might be a serious challenge since the wastewater treatment in many developing countries in Asia and Africa is still lacking and only a fraction of the wastewater stream is being collected and treated into secondary treatment (Table 6) .
However, as stressed by respondents 1, 4 and 7, the main concerns of wastewater reuse are related to water quality and health issues. In order to ensure a safe use of wastewater, agencies such as WHO and USEPA have set guidelines and water quality standards when dealing with wastewater reuse. WHO (1989) set faecal coliforms content in wastewater to be less than 1,000 FC/100 ml in order to be used for agricultural irrigation. For irrigation of food crops and unrestricted urban reuse, USEPA (2012) requires the wastewater to have filtration, disinfection and secondary treatment and no detectable faecal coliforms.
According to Respondent 2, wastewater reuse is likely to become one of the major technologies in the future, especially when coupled with aquifer storage and recovery (ASR). Groundwater banking can help overcome the problem of social aversion to drinking recovered water. The complete SWOT analysis is provided in Table 7 .
Quantitative Assessment
The SWOT analysis provided simplified view of the complex issues of these water solutions. However, it cannot provide knowledge regarding weighting such as which strength or opportunity that has more weight or more important than the others. Hence, the respondents were also asked to rank the best solution for arid region in Asia and Africa based on the strengths, weaknesses and their suitability for these regions.
The average scores for preferred water solution in Asia and Africa region given by the respondents were shown in Table 8 . The results show that wastewater reuse was considered as the most viable technology. For arid regions of Asia especially in North China, 4 out of 7 respondents gave maximum rating of 5, showing a very high confidence level in wastewater reuse to be a major water resource in future, especially in region with high population and where significant number of water resources have been overly exploited and severely degraded such as in northern China. The respondents also rated groundwater extraction as the second most suitable technology for arid regions of Asia and Africa as it offers clear benefits of low cost and simple technology for extraction and the resources are available in many places. However, groundwater is prone to over-exploitation in certain areas therefore measures should be taken to mitigate this situation. While the respondents are almost unanimous in rating wastewater reuse and groundwater as the first and the second most suitable technologies, the respondents have varied perspectives in terms of virtual water trading (scores vary from 1 to 5) and desalination (scores vary from 1 to 4). Virtual water trading is important in softening the global water crisis however there are many uncertainties involving this solution. Different countries will have different economic capacities and goals, and therefore detailed studies are required to determine whether virtual water trading is a sustainable solution for a certain country especially in the long run. While recent developments such as economic growth, increasing water demand and significant increase in freshwater production cost have the potential to shift more countries toward desalination technologies (Lopez-Gunn and Ramón Llamas 2008; Uche et al. 2006) , in general, the desalination is still considered as the least preferred water solution. The respondents also rated the suitability of both virtual water trading and RO desalination in African countries as slightly less than that of Asian countries, as the economy capacity in general to generate finances to pay for virtual water trading or develop desalination plants is lower. 
Conclusion
Many non-conventional water solutions have been offered and practiced in Asian and African countries, namely virtual water trading, RO desalination, groundwater extraction and wastewater reuse to alleviate water scarcity. However, there are many factors that have to be considered when implementing these solutions and using SWOT analysis these factors were evaluated to determine the suitability of these technologies and its viability in the future. SWOT analysis was conducted using information gathered from respondents in water and environmental sciences as the main input. SWOT analysis is found to be useful in sorting out various factors influenced by present and future conditions that govern these solutions; however, additional scoring was also added to the analysis to provide a quantitative assessment. The analysis shows that RO desalination is the least preferred water solution and shall be the last resort after considering other water resources. Meanwhile, the respondents are ambivalent toward virtual water trading due to uncertainties and variability involving this water solution. Groundwater can be practical and viable water solution for Asia and Africa; however in many regions the resources have been overexploited which leads to serious ecological problems.
Overall, the results reveal that wastewater reuse is probably the most suitable water solution for sustainable water management in Asia and Africa. Although wastewater reuse has a long history in agricultural irrigation, it is still considered as an underused technology. The main challenges in developing wastewater reuse are related with the inadequate attention given to wastewater treatment in many countries in both continents and its health concerns. In addition, the technologies to treat wastewater to potable water are expensive which often hinder the wastewater reuse projects. However, most of the experts show a lot of confidence that wastewater reuse will be an important technology in the future since it has the most desirable traits from sustainability point of view which are often overlooked by decision makers. Wastewater reuse can provide significant opportunities in conserving and extending available water supplies. Wastewater reuse also offers an efficient way to recover not only water, but crop nutrients and energy and thus provides an important mechanism for pollution control. In the future, wastewater reuse is the only water resource that is likely to increase as population grows which will be an important factor considering the large and rapid growth of population in Asia and Africa.
